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© Fully automated and computerized conveyor based manufacturing line architectures adapted to 
pressurized sealable transportable containers. 



© Fully automated and computerized manufacturing conveyor based line architecture (15) for the storage, 
handling and transporting of articles in view of the treatment thereof in a plurality of processing equipments (500) 
; said manufacturing line being installed in an average cleanliness ambient including: 

a) pressurized sealable transportable containers (100) of the type consisting of a box-shaped housing 
provided with an access opening sealed with releasable door means and gas injection valve means enclosing 
a workpiece therein; 

b) conveyor transportation means (401-1); 

c) gas supply installation means (700-1) comprising a compressed ultra pure neutral gas supply source and a 
delivery system. 

d) dispatching apparatus means with a gas distribution system (300-1) comprising: 

- storage/gas feeding means (302) for storing the containers basically consisting of a frame supporting a 
number of support stations or bins each provided with gas injector means connected to said gas supply 
installation means; 

- handling means (301) for transferring said containers between said bins and said conveyor transporta- 
tion means; 

e) interface apparatus means (201-1) adapted to receive said containers and transfer the workpiece enclosed 
therein to a processing equipment (500-1) comprising: 

- container receiving means for receiving/sending a container from/to said conveyor transportation means; 

- a pressurized port zone or loadlock provided with transfer robot means therein, interfacing said 
container receiving means with said processing equipment; 

- actuator means for moving said container on said container receiving means; and, 

f) computer means (600) for overall control of said conveyor transportation means, dispatching apparatus 
means, gas supply installation means, interface apparatus means and said processing equipments. 
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FIELD OF THE INVENTION 

The present invention relates to automatic container handling and transporting systems in a factory. It 
more particularly relates to a plurality of fully automated and computerized conveyor based manufacturing 
5 line architectures adapted to store, handle and transport pressurized sealable transportable containers. Each 
container, encloses a workpiece, typically a semiconductor wafer, in a protective gaseous environment in 
view of its treatment in a processing equipment, without breaking the said protective gaseous environment. 

COPENDING APPLICATIONS 

10 

Pressurized sealable transportable containers for storing a semiconductor wafer in a protective gaseous 
environment, application number filing date (FR 9 92 003). 

Pressurized interface apparatus for transferring a silicon wafer between a pressurized sealable trans- 
portable container and a processing equipment; application number , filing date (FR 9 
75 92 005). 

Dispatching apparatus with a gas distribution system for handling and storing pressurized sealable 
transportable containers; application number , filing date (FR 9 92 004). 

Fully automated and computerized conveyor based manufacturing line architectures adapted to pressur- 
ized sealable transportable containers; application number , filing date (FR 9 92 012). 
20 The first application is directed to a family of pressurized sealable transportable containers which store 
a single semiconductor wafer in a protective gaseous environment having a positive differential pressure 
with the outside ambient (e.g. the atmosphere). It is the essential constituent of this group of four inventions. 
The second application is directed to a family of pressurized interface apparatus for interfacing the 
container and a processing equipment. The role of the interface apparatus is to transfer said wafer from the 
25 container into a processing equipment for treatment and vice-versa without breaking said protective 
gaseous environment The third application is directed to a family of dispatching apparatus with a gas 
distribution system for handling and storing the containers during the wafer idle times between different 
processing steps while still maintaining said protective gaseous environment. The fourth application is 
directed to the optimal integration of above elements with conventional conveyor means and a computer 
30 system to result in a fully automated and computerized manufacturing line which is modular, flexible and 
fully compatible with the Continuous Flow Manufacturing (CFM) concept in a Computer Integrated Manufac- 
turing (CIM) environment. 

There are three major principles at the base of these inventions. 
1. In essence, the container is adapted to store a single semiconductor wafer. 
35 2. Except of course during treatment in the processing equipment, the semiconductor wafer is perma- 
nently surrounded by a protective gaseous environment having a static pressure higher than the one of 
the outside ambient. To that end, the container is filled with a compressed ultra pure neutral gas. As a 
result, the container interior space has a positive differential pressure with respect to the outside 
ambient. Within the container, the protective environment is safe, clean and still. This pressurized neutral 
40 gas constitutes said desired protective gaseous environment which fully isolates the wafer from any 
contamination existing in the outside ambient. Preferably, the gas is continuously rejuvenated through a 
high efficiency filter by a permanent connection, of the container to a supply installation of said 
compressed ultra pure neutral gas, except during the very short times of transportation in the manufac- 
turing facility. Likewise, to that end, the pressurized interface apparatus and the dispatching apparatus 
45 are provided with gas feeding means. Moreover, the container and the pressurized interface apparatus 
have been specifically designed so that during the transfer operations therebetween, the wafer is still 
protected by an efficient curtain or shower of said gas. Therefore, there is no isolation breakdown during 
the whole wafer processing/treatment. Finally, fabrication of contamination-free wafers under the con- 
ditions appropriate in ultra clean rooms is henceforth feasible without the huge facilities that are usually 
so required in that respect. 

3. Usage of conventional conveyors. All these elements have been designed to be fitted with conven- 
tional conveyors, that are widely recognized as a convenient transportation system, fully adapted to 
mechanical automation and computerization. 

55 DESCRIPTION OF THE PRIOR ART 

Semiconductor wafers (hereinafter referred to as "wafers") are the base material for the production of 
VLSI chips. 
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A variant to this approach consists to have a conventional wafer carrier moving in a clean tunnel. 
According to this implementation, a plurality of air blowers spaced with each other are disposed along a 
side wall of a clean tunnel, thereby outer air is supplied into a tunnel zone by way of a HEP A filter. A clean 
air produced within the tunnel zone is circulated by disposing air outlets and a suction port in a zone of 
each blower. Thus, a constant clean air flow can be circulated above the carriers supporting the wafers 
within the clean tunnel during the whole wafer carrier transportation. An example of this approach described 
in US-A-4660464 (Ref. D2) assigned to Sanki Kogyo KK. As illustrated in Fig. 4 thereof, the physical 
implementation of the tunnel is relatively complex and room consuming. This approach is penalized by an 
obvious lack of flexibility due to the heavy implementation that is required. 

Although conceptually simple, the "open type" container approach does not appear to meet the present 
and future manufacturing needs, and to date most technical experts seem to rely more on enclosures of the 
"closed type", i.e. wherein the wafers are hermetically enclosed. The "open type" approach was consid- 
ered because the admitted difficulty to ensure airtight sealing of the "closed type" enclosure. Should the 
enclosure become damaged, the wafers would be immediately contaminated. However, the same problem 
exists with respect to the "open type" approach, for example, should a failure occur in the air cleaning 
device or in the battery. In addition, this approach is not reliable in case of shocks and exploitation costs are 
very high (the filter needs frequent changes). 

The major contribution to the "closed type" enclosure state of the art in that respect, is known under 
the brand name of the Standardized Mechanical InterFace (SMIF) concept The SMIF concept was first 
described in the article "SMIF: a technology for wafer cassette transfer in VLSI manufacturing", by Mihir 
Parikh and Ulrich Kaempf, Solid State Technology, July 1984, pp. 111-115 (Ref. D3). Further details can be 
found in patent specifications US-A-4532970 (Ref. D4) and US-A-4534389 (Ref. D5) both assigned to 
Hewlett-Packard Cy. In essence, according to the fundamentals of the SMIF concept, the proposal consists 
to reduce- particle contamination by significantly limiting particle fluxes onto wafers by mechanically 
ensuring that during transport, storage and processing of the said wafers, the gaseous media, generally air, 
surrounding the wafers is essentially stationary relative thereto. To have a plurality of wafers permanently 
surrounded by a still gaseous ambient in a clean enclosure is therefore the essential characteristics of the 
base SMIff concept. 

Its reduction to practice results in a standard SMIF system which basically comprises four essential 
parts. t 

First, : a small box having a still clean gaseous interna! environment, referred to as the base SMIF box, 
consisting of a box top or cover sealingly mating with a box base for hermetic tight and enclosing a wafer 
cassette. The gaseous media surrounding the wafers results from the specific ambient which prevailed at 
the time the wafer cassette was enclosed within the base SMIF box. A standard cassette carries about 25 
wafers. The base SMIF box is used for storing and carrying wafers to and from a processing equipment and 
between different processing equipments. 

Second, an interface apparatus referred to as the base SMIF interface apparatus, which essentially 
consists of a removable canopy that fully covers the input/output port of the specific processing equipment. 
The canopy demarcates a still, particle-free air volume referred to as the canopy interior space to interface 
with the processing equipment. The latter is typically a mask aligner, an evaporator, a RIE etcher and the 
like. On the other hand, the internal environment within the processing equipment is separately maintained 
and cleaned, so that the processing equipment need not to be necessarily installed in a clean room. The 
SMIF box is placed at an interface port on top of the canopy, referred to as the canopy port, forming an 
hermetic seal therewith. Then, the cassette containing the wafers is withdrawn from the SMIF box and 
transferred by an elevator/manipulator assembly to the close vicinity of the said input/output port for 
processing. Next, the wafers are extracted from the cassette and introduced in the processing equipment 
chamber, either manually by an operator manipulating a gripper via a glove port or automatically using a 
loading/unloading robot. Thus, the base SMIF box can be carried in a non-clean atmosphere to an 
appropriate processing equipment where the wafers are processed in a controlled clean environment 
without contamination and without having to make the entire manufacturing facility clean. 

Third, a conventional storage station provided with a number of racks or compartments is required to 
store the base SMIF boxes during the wafer processing idle times. 

Fourth, a transportation system for moving the base SMIF boxes between the base SMIF interface 
apparatus and the storage station. Conventionally, the base SMIF box is manually transported from one 
processing equipment to another or from the storage station to one processing equipment and vice versa. 
But, alternatively, the standard SMIF system may preferably further include an automatic transportation and 
handling system, typically, a robotic vehicle, usually referred to as the Automated Guided Vehicle (AGV), 
controlled by the FCS through a wireless link. 
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of potential source of contamination for the subsequent processing steps at the opening of the SMIF box. 
By replacing the liner, the container is restored to its original "clean" state without the need to replace the 
entire SMIF box itself. Although particulate contamination was significantly reduced thanks to the presence 
of such liners, contaminants were still noticed onto the wafer surfaces. 

5 A further improvement is described in US-A-4724874 (Ref. D8) again assigned to ASYST Technologies 

Inc.. In this reference, the improved SMIF box has a similar construction with respect to the SMIF box just 
described above in US-A-4739882. The originality now mainly consists in the provision of a valve and a 
conduit in the box door for communicating between the interior space of the box and a pump when an 
injector/extractor assembly is sealably inserted in the valve. As illustrated in Figs. 2 to 4 of US-A-4724874, 

io this assembly is mounted through the port plate. The conduit includes a filter for filtering the gas, e.g. air (or 
nitrogen) passing through the conduit. Still according to US-A-4724874, the improved SMIF box once 
affixed onto the canopy port, is cleaned by alternatively pressurizing and evacuating the internal air through 
said filter. Thus, air may be circulated throughout the interior space of the improved SMIF box without 
opening it. 

is Similarly, the base SMIF interface apparatus is also modified to take in account this gas cleaning 

improvement. It thus includes means for supplying the gas to the improved SMIF box. Moreover, the 
canopy environment pressure is also independently controlled, because the canopy interior space is 
likewise connected to. the pump (num. 102 in Fig. 2). As a result, connecting the improved SMIF box interior 
space to the said pump via said injector/extractor assembly, allows not only to clean the wafers but also to 

20 match the pressures between the said improved SMIF box interior space and the canopy interior space 
before the wafer cassette is retrieved from the improved SMIF box and introduced in the processing 
equipment. 

According to US-A- 4724874, the permanent still air approach that has prevailed on the prior base SMIF 
boxes is no longer used, probably because it revealed to be not fully satisfactory. As a matter of fact, the 

25 prior base- SMIF concept has included the principle that the wafers move from the SMIF box to the 
processing, equipment by disturbing the least possible amount of air within the box. The admitted advantage 
of this approach is that any particulate in the enclosed clean air would not damage the wafers because the 
air remains relatively still or stagnant during the various handling/transportation steps. Now, according to 
US-A-4724874 it has been found that stagnant air, too, has many particles which may also cause damage 

30 simply by-static attraction. The first attempt to solve this problem mentioned above with reference to US-A- 
4739882, =was the insertion of a disposable liner between the wafer cassette and the box top. The 
recognition that the permanent still air approach causes contamination and damage has therefore created 
the need explicated in US-A 4724874, for a temporary dynamic cleaning as similarly practiced in some 
respects in the "open type" enclosures. This air cleaning of the internal environment of the SMIF box 

35 interior space with which the wafers are exposed is performed by successive pressurization/evacuation of 
the enclosed air. It aims first to release the particles, then to collect them for subsequent elimination. The 
final result is therefore a significant departure from the base SMIF still air approach which employed no 
active pressurization/evacuation of the SMIF box internal space. It is important to notice that the air cleaning 
step is performed on the totality of the wafers enclosed in the cassette and only when the improved SMIF 

40 box is affixed onto the canopy port. The essence of the improved SMIF concept is therefore an hybrid 
approach to the solution of the contamination problem. The wafers are enclosed in a still air ambient during 
the storage and the transportation but are subjected to a vigorous dynamic air flow cleaning before being 
processed. 

In summary, the ultimate SMIF solution described in US-A-4724874 and more particularly in Fig. 4 
45 basically consists of an improved SMIF box for use with an improved interface apparatus. 

The improved SMIF box construction still includes a housing having an interior space for containing a 
wafer cassette. A plastic liner is inserted into the said interior space to surround the cassette. The liner 
forming material appears to be limited to plastics because of the flexibility requirements. The box includes a 
box top and a box door are designed for tight closure. The port plate mentioned above is sealably mating to 
so the box top. The port door includes a sealing surface and is affixed to the port plate. The box door includes 
a relatively sophisticated latch mechanism for mechanically opening and closing of the port door. But now, 
the improved SMIF box further includes a conduit and a valve for establishing a communication between its 
interior space and a pump via an injector/extractor which is sealably inserted through the port plate when 
the SMIF box is affixed on the canopy port. The conduit includes a filter for filtering the fluid passing 
55 through it. 

Likewise, the improved SMIF interface apparatus still consists of a canopy which is adapted to the 
specific processing equipment and covers the input/output ports thereof. In addition to the canopy port, the 
interface apparatus includes a motor driven elevator/manipulator assembly that is required to extract the 
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under computer control. 

However, the demand of simultaneously handling a plurality of wafers may continue. For example, 
because of the nature of the semiconductor material, e.g. gallium-arsenide (GaAs) wafers have a smaller 
diameter when compared to silicon wafers or because of the nature of the processing step: e.g. wafer 
rinsing/dipping steps are usually completed by batch. More generally, this demand may exists for other 
types of workpieces in different fields of the technology. So that, for universal use, any valuable innovative 
"closed type" enclosure design should have the ability to be simply adapted to batch processing. 

As far as the improved SMIF interface apparatus is concerned, it still does not appear to be adequate in 
some respects. First, it requires a relatively sophisticated implementation from a mechanical point of view. 
In particular, the step of withdrawal mentioned above, necessitates complex latch/release mechanisms in 
particular at the canopy port between the port door and the box door, as illustrated by Fig. 3 of US-A- 
4724874, mainly because the weight of the cassette (5 Kgs). Additionally, such a complex mechanism is a 
potential source of wafer contamination. Moreover, the canopy delineates a large volume interior space. 
Should air be used as the internal ambient because of its low cost, it would cause undesired oxidation 
effects to the exposed silicon. On the contrary, should nitrogen be used, because of the large volume 
delineated by the canopy, it would result in a very costly solution. 

SMIF boxes are still stored into individual racks or compartments of a huge storage station (see Fig. 4 
of the above cited article). As mentioned above, all the handling is manual or requires a robotic vehicle. In 
the latter case, it is relatively a heavy and costly solution. Generally, the robotic vehicle follows a guide line 
or track that contains an electromagnetic radiation emitting material. The electromagnetic radiation can be 
detected by a photocell sensor. The robotic vehicle is controlled by a radio frequency communication link. 
The radio frequency signals are serial in nature, slow in the amount of information transmitted, and may be 
subject to .electromagnetic interferences from the other equipments used in the factory. 

Finally, for a complete disclosure, note that the problem of permanent and efficient identification of the 
SMIF boxes has also been addressed in the SMIF solutions, for example in WO-A-87/03979 (Ref. D9) still 
assigned to ASYST Technologies Inc. But. according to the SWT approach, and for many reasons, it is 
highly desirable now, to have the host computer of the Floor Computer System (FCS) permanently tracking 
each wafer individually for appropriate processing thereof instead of following a number of wafers contained 
in a cassette as practiced pursuant to the prior SMIF solutions. 

As apparent from the above statements, the implementation of the proposed ultimate SMIF solution 
leads to many deficiencies and inherent limitations. As a result, there is ever a primary need for an 
innovative solution much more effective for totally eliminating wafer contamination, globally less complex 
and better adapted to the SWT approach and to the requirements of the CFM concept in the CIM 
environment. 

Applicant's inventors have thus conceived and developed a new manufacturing concept The essential 
feature of the base SMIF concept is maintained, i.e. providing a clean enclosure with a still gaseous 
ambient to protect the wafers (and thus eliminate the need of ultra clean rooms). Two specific features of 
the improved SMIF concept are also included therein: the broad idea of having a protective liner and that 
the canopy interior space can be pressurized to match the improved SMIF box interior space pressure. The 
new concept is basically described by the following key words: COntaminati on-free, global Automation, and 
Single workpiece/wafer Treatment. The new concept will be thus referred to below by the acronym COAST. 

As a matter of fact, the COAST concept significantly departs from the said ultimate SMIF solution on at 
least three points. Firstly, the main objective is no longer to develop improved wafer gas cleaning 
techniques (as described in Ref. US-A- 4724874) but instead, to eliminate any potential risk of wafer 
contamination including both chemical and particulate contaminations. The objective is contamination-free 
workpiece fabrication. Secondly, it aims to reduce human intervention to a minimum. To that end, all the 
intervening elements are designed for being fully adapted to a global automation concept. Thirdly, it is 
essentially based upon the SWT approach, which appears to be the future of the semiconductor wafer 
processing. 

BRIEF SUMMARY 

According to the COAST concept, a single wafer is thus stored, transported, and handled before and 
after processing while it is permanently surrounded by a protective gaseous environment consisting of an 
ultra pure neutral gas having a positive differential pressure with the outside ambient; for total isolation 
therewith. There is no isolation breakdown at any time during the whole wafer processing step sequence. 
Because, this environment is quasi still, the COAST concept is therefore broadly in compliance with the still 
air approach of the base SMIF concept but it necessitates generation and preservation of this pressurized 
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turn, the container receptacle can also be readily adapted to receive different types of multiple wafer 
holders, including commercially available wafer holders or standard cassettes. 

Moreover, the pressurized sealable transportable container overall design is adapted to be transported 
by conventional conveyors. 

5 Finally, Applicant inventors' solution to the general problem of storing and transporting a wafer to be 

treated in a series of processing equipments, therefore consists in a relatively simple container where any 
source of contamination is prevented, because the wafer is permanently enclosed in a pressurized 
protective ultra pure neutral gaseous environment. The container is stackable and perfectly suited to the 
Single Wafer Treatment approach (but easily adaptable to multiple wafer batch processing if so desired). 

io Basically, the COAST concept remains in line with the "closed type" enclosure approach with a still gas 
environment therein. However, unlike the base SMIF solution, the stagnant gas consisting of air or an inert 
gas is no longer at the atmospheric pressure, but is necessarily a compressed ultra pure neutral gas that is 
permanently maintained under pressure with respect to the outside ambient. As a result, any ingress of dirt 
particles and chemical contaminants into the container from the said outside ambient, is constantly 

75 prevented. Air and some inert gases such as CO2 react with the silicon wafer surface and produce an 
undesired oxide layer, that has to be subsequently removed. 

2. The pressurized interface apparatus 

20 Still according to the COAST concept, in a first preferred embodiment limited to a typical single IN/OUT 

section version, the novel pressurized interface apparatus essentially includes a box-shaped housing 
provided with two openings : a port window closed by controlled lid means located in the front face of the 
housing and a communication gate opposite to said port window defining thereby a port zone or load lock 
chamber therebetween. The communication gate permits communication between the interface apparatus 

25. interior space and the processing equipment chamber either directly or indirectly. Depending upon the 
- application or the specific treatment step performed in the chamber, the communication gate may also be 
provided with lid means. The interface interior space also contains a pressurized protective gaseous 

, . environment generated either directly by a connection to the said gas supply installation via specific gas 
injection valve means inserted in the interface housing or indirectly, by the processing equipment itself, 

30v depending upon the application. Normally, in the steady state, the interface interior space is at the same 
nominal pressure p that the container interior space to ensure the positive differential pressure Ap 
mentioned above is obtained. A transfer robot is mounted inside the interface interior space whose role is to 
grasp the wafer stored in the container and to transfer it in the processing equipment for being treated. The 
pressurized interface apparatus further includes a container receiving zone adjacent to the housing front 

35 face haying a rest zone and an active zone. It still further includes actuator means provided with gas feeding 
means, so that during the waiting time the container remains in the rest zone of the pressurized interface 
apparatus, the container is firmly held and permanently connected to the said compressed ultra pure neutral 
gas supply installation. Actuator means are intended to grip the ccntainer and move it from the rest zone to 
the active zone in order to have the container sealably mating with the port window before wafer unloading 

40 takes place. 

The method of unloading the wafer from the container to transfer it into the processing equipment reads 
as follows. 

Assuming the container is in the waiting state, i.e. firmly maintained by the actuator means in the rest 
zone in front of the port window and supplied with gas. The interface interior space is pressurized at the 

45 said nominal pressure p. Once the host computer commands a transfer operation, the lid closing the port 
window is first opened. The interface interior space would be protected from contamination thanks the gas 
stream which instantly would flow outwardly as a result of the positive differential pressure existing therein. 
However, during this step of lid opening, a second pressure P is momentarily applied to the interface 
interior space to ensure an adequate flow rate V (typically V = 0,4 m/s) of the gas stream flowing 

50 outwardly. This second pressure or blower pressure aims to ensure an efficient protective gas curtain for 
still better protection of the interface interior space when the lid is being opened. Then, the container is 
pulled by the actuator means towards to opened port window. As far as it moves closer and closer, the 
container door is progressively released and, for the same reasons, the enclosed wafer is not contaminated. 
Likewise, during this step of door release, the said blower pressure P is momentarily applied to the 

55 container interior space. As a matter of fact, the gas stream which flows outwardly from the container and 
from the port zone forms an efficient protective gas curtain which hinders any ingress of pollutants in the 
two interior spaces. The actuator means moves the container until its access opening is sealably mating 
against the front face of the housing, forming thereby an hermetic sealing therewith. The O-ring surrounding 
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As mentioned above, global automation is one essential feature of the COAST concept. These manufactur- 
ing lines may be organized in a great variety of architectures that all have the same outstanding advantages 
in terms of flexibility and modularity. 

Typically, the novel dispatching apparatus is adapted to operate with conventional conveyors, and in 
particular is readily associated to the standard by-pass station construction for transfer therebetween. 
Obviously, the dispatching apparatus has a key role to play in the said novel manufacturing lines for an 
efficient implementation of the CFM concept. 

In a preferred embodiment, said manufacturing line architecture includes: 

a) pressurized sealable transportable containers of the type described above, i.e. basically consisting of 
a box-shaped housing provided with an access opening sealed with releasable door means and gas 
injection valve means enclosing a wafer for subsequent treatment in a plurality of processing equip- 
ments; 

b) conveyor transportation means; 

c) gas supply installation means comprising a compressed ultra pure neutral gas supply source and a 
delivery system; 

d) dispatching apparatus means with a gas distribution system of the type described above, i.e. basically 
comprising: 

- storage means for storing the containers consisting of a frame supporting a number of support 
stations or bins each provided with gas injector means connected to said gas supply installation 
means; 

- handling means for transferring said containers between said bins and said conveyor transportation 
means; 

e) interface apparatus means adapted to receive said containers and transfer the wafer enclosed therein 
into one of said processing equipments of the type described above i.e. basically comprising: 

- container receiving means for receiving (sending) a container from (to) said conveyor transportation 
means; 

- a pressurized port zone or loadlock chamber with releasable lid means to interface said container 
receiving means with said processing equipment and to that end, including transfer robot means 
for transferring the wafer between the container and the processing equipment. 

:: - actuating/gas feeding means for moving/gas supplying the container when placed on the container 
^ receiving means; 

f) computer means for overall control of said conveyor transportation means, dispatching apparatus 
means, gas supply installation means, interface apparatus means and said processing equipments. 

OBJECTS OF THE INVENTION 

It is a primary object of the present invention to provide a fully automated and computerized 
manufacturing line for the storage, handling and transporting of pressurized sealable transportable contain- 
ers in view of the treatment of the silicon wafer enclosed therein in a processing equipment. 

It is another object of the present invention to provide different architectures of a fully automated and 
computerized manufacturing line, for the storage, handling and transporting of pressurized sealable trans- 
portable containers. 

It is another object of the present invention to provide a fully automated and computerized manufactur- 
ing line whose design is adapted to global automation and in particular which includes conventional 
conveyors as the transportation system. 

It is another object of the present invention to provide a fully automated and computerized manufactur- 
ing line which fully, complies with the Continuous Flow Manufacturing concept in a Computer Integrated 
Manufacturing environment. 

' It is another object of the present to provide a fully automated and computerized manufacturing line that 
eliminates or at least significantly reduce any human intervention for contamination -free workpiece fabrica- 
tion. 

It is another object of the present to provide a fully automated and computerized manufacturing line 
with minimal lead times and reduced costs. 

It is another object of the present to provide a fully automated and computerized manufacturing line for 
fabricating a workpiece under ultra clean room conditions in an average cleanliness ambient. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
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Rg. 20 schematically shows a variant of the manufacturing line architecture of Rg. 19. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
45 INTRODUCTION 
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represented in Fig. 1. Finally, a gas supply installation 700 including a compressed ultra pure neutral gas 
supply source referenced 701 and a delivery block 702 comprising manifold 703, a network of high quality 
stainless pipes with electropolish interior surface finish, and an adequate number of electro-valves and 
pressure regulators/controllers for controlled gas flow delivery is also illustrated in Fig. 1. Outlets 704 allow 
delivery of three pressure values: 0, p, and P, while outlets 705 allow only two pressure values 0 and p. 
These values will be explicated later. Usage of ultra pure neutral gas totally avoids wafer chemical 
contamination. Note that, for sake of simplicity, the gas supply distribution network and the electrical wire 
network that are required for said overall operation control have not been represented in Fig. 1 . As such, 
Fig. 1 may be considered showing a partial schematic view of a fully automated and computerized 
conveyor based manufacturing line, typically for semiconductor wafer processing. In addition, for servicing 
process area 10, an extra-bay conveyor 402 with its by-pass station 402A is added. Conveyors 401 and 402 
are intra-bay and extra-bay elements of a ; conveyor transportation system 400. 

Optionally, the interface apparatus 200, the intra-bay conveyor 401 and the processing equipments 500 
may be fitted in umbrella 1 1 for coarse dust protection. Note also, that a portable additional active umbrella 
may be used atop a processing equipment when it is required to open the chamber for maintenance or set- 
up adjustments purposes. The active umbrella produces the conditions adequate for a clean environment 
within said chamber. 

In one preferred embodiment of the pOAST concept , the container first includes a box-shaped housing 
provided with an opening on the front face whose access is controlled by a pivoting cover which, at rest, 
applies firmly against it for hermetic sealing. It further includes gas injection valve means to be connected 
to the compressed ultra-pure neutral gas supply installation, defining thereby a pressurized interior space 
therein. As such, the housing will be referred to as the cassette reservoir. The cassette reservoir includes a 
drilled inner wall that demarcates two regions: a first region connected to said gas injection valve means to 

r form the reservoir properly said and a second region or receptacle adapted to receive a holder. The role of 
the drilled inner wall is to permit easy gas circulation and communication between the reservoir and the 
receptacle. The wafer holder is an enclosure provided with a transfer opening on its front face defining 
thereby an interior space. The wafer is inserted in the said holder interior space through the said transfer 

- opening where it is maintained by support means. The wafer holder rear face is provided with minute via- 

: holes so that the wafer enclosed therein is surrounded by a gaseous environment of said neutral gas having 
a positive. differential pressure with respect to the external ambient. The container interior space has a static 

■-nominal pressure p higher than the outside ambient pressure, e.g. the atmospheric pressure. Typically, the 
nominal pressure p is approximately 5000 Pa above the pressure of the outside ambient. A perforated rim 
encompasses the transfer opening and creates a protective gas curtain at the container pivoting cover 
opening. 

Still in this preferred embodiment, the pressurized interface apparatus basically comprises two identical 
input (IN) and output (OUT) sections for increased throughput. The IN section first comprises a container 
receiving zone for receiving the container including a rest zone and an active zone. In the rest zone the 
container is firmly secured and connected to an outlet 704 of said gas supply installation 700 so long as it 
remains in the waiting state to maintain said nominal pressure mentioned above. It further comprises a port 
zone consisting of a housing provided with a port window closed by a port lid on the side facing the 
container and a communication gate in direct relationship with the chamber of a processing equipment on 
the opposite side. A transfer robot mounted in the port zone interior space permits the transfer of the wafer 
between the container and the input port (pre-process station) of the processing equipment. A similar 
construction applies to the OUT section. In a typical embodiment, the IN and OUT sections have a common 
interior space. The common interior space is pressurized either via gas injection valve means connected to 
the said ultra pure neutral gas supply installation or by the chamber ambient if adequate. A container 
transfer device moves the empty container between the rest zones of the IN and OUT sections. The IN 
section is used to transfer a wafer from the container into the processing equipment through the port zone. 
The OUT section is used for the reverse movement. 

Still further in this preferred embodiment, the dispatching apparatus with a gas distribution system first 
comprises means for handling and storing the containers. To that end, it includes an automatic handler 
comprising an elevator fixed on a rotating head and a handling robot provided with gripping means to grasp 
the containers. It further includes support means affixed to a tower-shaped frame of a vertical stocker to 
support the containers during storage. According to the COAST concept, said support means are provided 
with gas injector means, so that during the periods the containers are stored, a permanent connection with 
the said ultra-pure neutral gas supply installation 700 is secured. 

Still further in this preferred embodiment, the conveyor transport system includes conventional flexible 
belt conveyors designed with standard by-pass stations at the close proximity of said interface and 
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the nominal pressure p is maintained within the container interior space. In normal operating conditions, the 
waiting time in the said rest zone is quite limited. Following host computer request, the container is moved 
towards the IN section port zone. 

The interface apparatus port lid is first raised and, at the end of the movement, the pivoting cover of the 
5 container (which is U-shaped) is opened and the lateral sides of the cover are slidabiy engaged into slots 
formed in the interface apparatus housing. During this step, the blower pressure P is momentarily and 
successively applied to the two interior spaces to generate an efficient gas curtain to prevent any intrusion 
of contaminants therein. At the end of this step, the container access opening is hermetically applied to the 
IN section port window for an hermetic seal therebetween, ensuring thereby a total continuity between the 
io two internal spaces. According to COAST concept, because internal space of the container and the one of 
the interface apparatus are both pressurized, no external contamination may affect the wafer during this 
whole preliminary step. When desired, the wafer is unloaded from the container by the transfer robot and 
transferred to the processing equipment 500, typically to the pre-process (or loading) station thereof, then 
treated in the processing equipment chamber. At the end of the processing, the wafer is available in the 
rs post-process (or unloading) station of the processing equipment 500, then transferred again in the port zone 
of the interface apparatus for subsequent loading in the container. During wafer processing, the empty 
container is transferred from the IN section to the OUT section. The same procedure as described above is 
employed thanks to a second pair of controlled clamping actuator devices until the container is applied 
against the OUT section port window, still forming ah hermetic closure therewith. Another transfer robot 
20 picks up the wafer from the processing equipment post-process station, and transfers it into the container. 
Now the said second pair of controlled clamping actuator devices move back the container to the rest zone 
of the OUT section still without breaking the gas isolation for the same reasons as mentioned above. The 
port lid is closed, in turn, the container pivoting cover (due to drawback springs) is automatically closed, 
and further locked, hermetically sealing thereby the container interior space. The wafer enclosed therein is 
25 again encompassed by a pressurized protective gaseous environment.. Finally, upon request made by the 
host computer 601, container 100 is moved back to the output port of by-pass station 401 B and pushed 
onto conveyor 401 for further processing or for being stocked again in vertical stocker 302. 

THE CONTAINERS 

30 . • ~ 

Single wafer containers (SWC) 

Description of the preferred embodiment of the pressurized sealable transportable container of the 
COAST concept will be made in the single wafer application context in conjunction with Figs. 2 to 7. 

35 Fig. 2 comprises Figs. 2A and 2B. Fig. 2A is an isometric view with no hidden lines removed of the 
base component of container 100 referred to as frame 101 which details its construction. Fig. 2B shows 
frame 101 of Fig. 2A in a cut-away view along line aa to illustrate the lower half thereof. 

Now turning to Fig. 2, frame 101 essentially consists of a substantially parallelepipedic or box-shaped 
housing 102 with bottom, top and four lateral faces including front and rear faces, fabricated for instance in 

40 a molded plastic material to form a solid part which can be integral or not Housing 102, defines an interior 
space 103 (not illustrated) with a slot-shaped access opening 104 on the front face and an aperture 105 
(wherein a highly efficient filter and a quick seal connect gas injection valve are to be subsequently 
inserted) on a lateral face. Access opening size and shape are determined by the workpiece to be 
processed. Preferably, housing 102 is provided with a drilled inner wall 106 which laterally defines two 

45 regions within said internal space 103. Inner wall 106 has holes 107 made therein. Number, location, and 
size thereof are still defined according to the workpiece to be processed pursuant to rules detailed 
hereafter. Role of holes 107 is to ensure adequate gas flow circulation between reservoir 103A and 
receptacle 103B. Fig. 2 shows a typical design with two 1 cm diameter holes close to the middle of the 
inner wall lateral sides, deemed to be appropriate for a 20 cm diameter silicon wafer application. First 

50 region 103A, adjacent to aperture 105, delineates the reservoir properly said. Second region 103B, 
accessible through access opening 104, will be the receptacle to lodge the wafer or preferably a wafer 
holder. There is a number of advantages to use the wafer holder of the COAST concept as it will be 
explained later. The internal face of the housing bottom is provided with wafer holder positioning supports 
referenced 108a, b and c. Likewise, the internal face of the housing top is provided with corresponding 

55 supports referenced 108a ? , b' and c*. Within region 103B, inner wall 106 is provided with wafer holder 
positioning stoppers referenced 109a, b and c and further includes wafer holder clamping devices 110a and 
b on the two opposite lateral sides of inner wall 106 at the vicinity of access opening 104. Each housing 
external lateral side is provided with a blind hole to allow frame 101 to be firmly gripped by a retractable 
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Versailles, France and from MILLIPORE Corp. or PALL Corp. Because, ultra pure neutral gas is delivered 
from a source that is quality certified by the gas manufacturer, no wafer chemical contamination can occur. 
The role of the filter 129B is to trap undesired particles, for instance, metallic particles, that could be 
generated when an injector is inserted in the quick connect seal. In summary, cassette reservoir 123 must 
be understood as the frame 1 01 provided with pivoting cover 1 24 and gas injection valve means 1 29. 

Details of the wafer holder construction will now be illustrated in conjunction with Fig. 4 comprised of 
Figs. 4A and 4B. Fig. 4A shows the isometric view with no hidden lines removed of the wafer holder having 
a silicon wafer enclosed therein still pursuant to the said first preferred embodiment. Fig. 4B shows a cut- 
away view of the wafer holder of Fig. 4A along line bb to illustrate the lower half thereof. Although 
theoretically not mandatory (e.g. it is not a requisite if the workpiece is a ceramic substrate) usage of a 
wafer holder is highly recommended, at least in all advanced semiconductor applications. 

Now referring to Fig. 4, wafer holder 130 essentially consists of a casing 131 provided with a slot- 
shaped transfer opening 132 for wafer insertion/extraction. Casing general shape is desrgned to broadly fit 
the receptacle region 103B as defined in the interior space of housing 102 by inner wall 106 (Fig. 2). The 
rear part of casing 131 which is opposite to transfer opening 132 is provided with minute via-holes 133 for 
gas communication between receptacle 103B and interior space 134 of casing 131. Via-holes 133 are so 
designed to cooperate with holes 107 (Fig. 2) to render negligible the likelihood of wafer contamination by 
particulates not filtered in the high efficiency filter 129B as explained later in more details. The external 
upper and lower faces of casing 131 comprise each three pads 135a, b and c and 135a 1 , b\ c\ Pads 135 
cooperate with their respective supports 108 of housing 102 to ensure casing excellent and accurate fitting 
inside the cassette reservoir receptacle 103B (Fig. 2). 

Casing 131 also includes stoppers 136a, b and c which cooperate with respective stoppers 109a, b and 
c of housing 102 for precise centering of holder 130 into receptacle 103B of cassette reservoir 123. Stopper 
109c and .11 36c are also designed for accurate fitting and to create a small gap between the drilled inner 
wall 106 and the rear and lateral walls of casing 131 for gas circulation therebetween depending casing 
contour . As illustrated in Fig. 4A, the internal lateral face of casing 131 is provided with two soft swiveling 
pads 137azand b. Note that swiveling pad 137c represented in Fig. 4A is in reality affixed on the back face 
of cover front side 124C (see reference 137C in dotted line in Fig. 3). They all have a limited moving 
flexibility to facilitate wafer insertion in casing 131 and extraction thereof, as well. The swivelling pads 137 
have a typical V-shaped profile to receive the silicon wafer 138. As mentioned above, they are fixed to allow 
a certain flexibility for example, by a piece of an elastic material. In particular, the use of this elastic material 
to fix swiveling pad 137c on the internal face of cover 124C is recommended because it improves the 
secureness of wafer 138 when cover 124 is closed. Support pads 139 a, b and c are required for soft wafer 
support. Swiveling pads and support pads cooperate to impede detrimental particulate generation effects 
due to shocks and vibrations during the handling and transportation of containers. The swiveling pads 137 
can be advantageously made from TEFLON (a trademark of Du Pont). Support pads 139 are molded with 
the casing body. The swiveling pads are designed to contact the wafer surface only at the periphery of its 
edge so that the functional chips are not impacted in case of shocks. As a result, the wafer 138 is firmly 
secured unlike the prior base SM IF solutions. Support pads are in contact with the wafer backside surface. 
Note that other support pad configurations may be designed as well. Lateral side of casing 131 also 
includes two resilient tabs 140a and b that engage in clamping devices 110a and b of housing 102 (Fig. 2) 
to accurately lock the casing 131 into receptacle 103B. Tabs 140a and b are each provided with an ear, so 
that the wafer holder 130 is extracted from the cassette reservoir 123 at the termination of the wafer 
processing, by using a declipping gripper introduced thru transfer opening 132. On the casing front side, a 
rim 141 is provided with a plurality of perforations 142 arranged at the periphery of transfer opening 132, 
whose role will be explained later. Typical diameter of perforations 142 is approximately in the 1-5 mm 
range. 

Typically, the casing 131 is made from a non contaminating plastic. Non contaminating materials 
include thermoplastics, examples of which are vinyl, acrylic or fluoroplastic. Thermoplastics can be 
conformed by well-known techniques into relatively thin or thick transparent films. A fluoroplastic is a 
generic name for polytetrafluorethylene and its copolymers. One such well known fluoroplastic is TEFLON 
(a trade mark of du Pont). It can be constructed by a single injected piece or by assembling the two upper 
and lower halves of casing 131 either by gluing or bonding. Due to its simple construction, casing 131 can 
be efficiently and readily cleaned. However, it may be desirable to have it disposable, i.e. thrown away after 
each full processing cycle or even in the course thereof if so required. Casing 131 can also be made of 
pure S1O2 or quartz. In the latter case, because casing 131 is more expensive and difficult to built, it may 
be desirable to have it thoroughly cleaned before being re-used. Other materials such as stainless steel 
could be contemplated as well, but would require obvious construction adaptation. 
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process parameters will be written directly onto the wafer to be taken in consideration in the subsequent 
processing steps or even after chip fabrication, e.g. in the field for maintenance. To that end, if some 
constituents of the cassette reservoir, i.e. frame 101, holder 130 and/or shells 143 and 144, are made from 
an opaque material such as stainless steel, a transparent window may be adapted thereto for direct wafer 
identification data reading. 

If necessary, an observation plug 1 49, tuned on one or several specific internal gas parameters can be 
inserted in optional aperture 117 of frame 101 (Fig. 2). Visual monitoring of some parameters such as 
humidity, temperature, purity, ... of the gas enclosed in reservoir 103A by an operator may be required in 
some cases/applications. Finally, resilient clips 150A and B may be inserted in said recesses 112A and B 
respectively on each housing lateral face, to interlock two containers. A number of containers can be easily 
piled-up for handling or transportation. 

In Fig. 7, cassette reservoir 123 is represented with pivoting cover 124 in a semi-open position, out of 
his lodgment, and the wafer holder 130 partially enclosing a wafer 138 not fully inserted in the cassette 
reservoir for sake of illustration. Once holder 130 fully enclosing wafer 138 is totally inserted in receptacle 
103B and cover 124 closed for hermetic sealing, container 100 may be transported or stored. It may be 
transported either manually by an operator or automatically, for instance by the intelligent flexible conveyor 
400 or stored in a dispatching apparatus 300, as explicated above by reference to Fig. 1. 

In essence, the major characteristic of container 100 is to permanently maintain its interior space 103 
containing the wafer holder 130 (enclosing a wafer or not) under pressure and, except short periods of 
transportation, to be systematically connected to the compressed ultra pure neutral gas supply installation 
700 for maximum safety. An ultra-pure neutral gas, such as N2, Ar, He, ... is introduced therein in a 
conventional way by inserting a gas injector (connected to the said gas supply installation) in the quick 
connect seal plug 129A (see Fig. 3). As explained below, the gas injector will be a retractable nozzle 
adapted tarsaid gas injection means. N2 is the preferred gas because of its low cost. The ULPD (Ultra Low 
Particulate-JDesign) gas cabinet system sold by AIRCO is a valuable contender for gas supply installation 
700. z:. 

With pivoting cover 124 closed, when the compressed neutral gas is injected through said gas injection 
valve means, the gas is first filtered in high efficiency filter 129B before being introduced in the interior 
space of container 100 to fill the reservoir 103A. Then, it passes in receptacle 103B through holes 107 and 
fills the sard remaining space 103'B. Typically, hole size diameter ranges from 2 to 10 mm. Within container 
100, wafereholder 130 is fully surrounded by the gas. The gas passing from reservoir 103A into chamber 
103'B results in a first baffling effect for trapping incoming particulates that could remain. Next, it finally fills 
the interior space 134 of casing 131 in passing through via-holes 133. This also produces a second baffling 
effect, very efficient because holes 107 and via-holes 133 are offset and because of the minute size of via- 
holes 133. The container interior space is maintained at a nominal pressure p sufficient to prevent ingress 
of contaminants from the outside ambient but not too high in order not to exert an excessive pressure on 
the pivoting cover 124 to avoid any undesired release thereof. Consequently, the wafer 138 enclosed in 
holder 130 is fully encompassed by said neutral gas at an adequate positive differential pressure Ap with 
respect to the outside ambient. Via-hole number, size, orientation, and location may be designed so that the 
likelihood to have residual contaminant particulates remaining in the filtered gas supplied by reservoir 103A, 
to reach the wafer surface, is really close to zero. Typically, via-hole size diameter ranges from 0,2 to 2mm 
and are spaced from each other by a predetermined distance such as 2 to 5mm. A very efficient additional 
protection effect to trap the said remaining particles and to divert them from reaching the wafer is thereby 
produced. The combination of holes 107 of the drilled inner wall 106 with the via-holes 133 of the perforated 
rear face of casing 131 to produce these two baffling effects, is a prominent point of the disclosed COAST 
concept from a particulate trapping point of view. 

The preferred range of the nominal pressure p is: 1,005-1,1 10E5 Pa to produce a positive differential 
pressure Ap of about 500-10 000 Pa with respect to the outside ambient. The typical average value is 
approximately 5000 Pa. Although the container is normally designed to be as much hermetic as possible, 
there could be some gas leakage possibilities especially during conveyor transportation or should long 
duration storage in the stocker be required. This is one of the reasons why the gas will have to be 
periodically rejuvenated. Another reason is the necessity to open the container pivoting cover for each wafer 
transfer which causes non-negligible gas losses. 

Now let us see how the wafer is protected from outside contamination when the pivoting cover 124 is 
released. Normally, the container is connected to the said gas supply installation 700 so that a protective 
neutral gas environment pressurized at the said nominal pressure p is maintained within its interior space. 
Preferably, when the pivoting cover 124 has to be released, the blower pressure P is applied to said interior 
space. The aim is to produce the desired gas stream flowing outwardly having the adequate gas flow rate V 
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Fig. 8B shows the corresponding wafer holder 130' once adapted to store a plurality of wafers 138. For 
sake of simplicity, some details of the housing 102' and of the casing 13V have not been represented in 
Fig. 8B. Transfer opening 132' now comprises a series of slots, which, when compared with the Fig. 4 
holder, gives a typical castellated shape to its internal lateral sides. Wafer holder 130' of Fig. 8B is still 
provided with a set of via-holes 133' (not shown) corresponding to said slots and thus in this case, in broad 
relationship with said set of hole pairs. As a result, the efficient trapping of contaminants mentioned above 
is only obtained in some extent. Finally, a piece of soft foam such as polyurethane foam or the like (not 
shown) is stuck on the internal face of cover 124* (Fig. 8A) to maintain the wafers secured in the holder 13V 
(once inserted in container 100') when cover 124* is closed. 

Some processing equipments may be designed to receive commercially available multiple wafer 
carriers, such as the well-known H-bar models designed and manufactured by FLUOROWARE Inc. 

Fig. 9A (which corresponds to Fig. 1 of US-A-4949848 (Ref. D10) assigned to FLUOROWARE Inc.) 
shows such a typical wafer carrier appropriate for being used as the cassette in the multiple wafer container 
123* of Fig. 8A, once slightly modified. 

Now turning to Fig. 9A the wafer carrier referenced 151 which has an H-shaped end wall 152 with a 
flange 153 supporting a horizontal indexing bar 154 commonly used for indexing the wafer carrier. Such 
carriers are commercially available from FLUOROWARE Inc. under reference A192-80M and the like. 

As illustrated in Fig. 9B, the cassette-reservoir 123' (pivoting cover 124" is not shown) of Figs. 8A may 
then be readily adapted to this type of carrier. In this instance, the only adaptation in the cassette reservoir 
now referenced 123" consists in the provision of a H-bar female attachment system 155 onto the internal 
face of the housing bottom of the housing now referenced 102". Obviously, the advantages mentioned 
above in connection with the description of the wafer holder 130 (Fig. 4), and in particular the second 
contaminant trapping effect and the gas curtain effect produced by perforations 142 of holder 130, are no 
longer obtained. 

THE PRESSURIZED INTERFACE APPARATUS 

The interface apparatus of the COAST concept has great versatility potential. In particular, it can be 
designedsto interface either a single wafer container (SWC) and a processing equipment (PE) or a single 
wafer container and a multiple wafer container (MWC). 

The SWC/PE interface apparatus 

Fig. 10 . shows a partially exploded view of the different elements forming the pressurized interface 
apparatus 200 of the COAST concept in a dual-port version consisting of two independent IN/OUT sections 
to match most conventional processing equipments provided with respective input port (pre-process or load 
station) and output port (post-process or unload station). Usually, a typical processing equipment further 
includes a loadlock to interface between said ports and the treatment chamber properly said. The said 
stations may or not be connected to the said gas supply installation 700. 

In the dual-port version illustrated in Fig. 10, interface apparatus 200 first includes a frame 201 which 
essentially consists of a box-shaped housing 202 provided with a rim 203 at its rear face. Housing 202 
delineates an interior space 204 as apparent in the left most part of Fig. 10 where the housing top surface 
has been removed. In Fig. 10, the interior space 204 is common to both the IN and OUT sections, however, 
a separating wall creating two independent interior spaces, one for each section, could be envisioned as 
well. The front face of housing 202 is provided with two port windows 205A and B. Similarly, the rear face of 
frame 201 is provided with two corresponding communication gates 205'A and B for communicating with 
the said pre-process and post-process stations respectively. The interior space between one port window 
and one communication gate is referred to a port zone. A pair of notches 206a and b and a pair of thrusts 
207a and b are disposed on the sides of window 205A. Similar construction applies to port window 205B 
with notches 206 c and d and thrusts 207 c and d. Thrusts 207 a to d are each provided with a bored hole 
referenced 208a to d respectively. A lid actuator device 209A is affixed onto the top surface of housing 202. 
It comprises a fixing means 21 OA to attach the device to the housing top surface, jack 211 A, extension arm 
or piston 21 2A and a fork-shaped head or yoke 21 3A in Fig. 10, the door means consists of pivoting lid 
21 4A whose movement is controlled by arm 21 2A via yoke 21 3A and a bored protruding ear fixed on the lid 
as illustrated in Fig. 10. The lid 21 4A has two blind holes 215a and b that cooperate with respective bored 
holes 208a and b and pins (not shown) to ensure its pivoting once movable arm 21 2A is retracted. As far as 
port window 205B is concerned, similar construction applies to lid actuator device 209B and lid 21 4B. The 
role of lids 21 4A and 21 4B is to controlably permit or prevent access into interior space 204 through port 
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housing 202 is transparent. 

A gas injection valve means 244 (similar in ail respects to device 129 or not) has been inserted in 
aperture 242 of Fig. 8 and connected to the gas supply installation 700 via hose 245 for pressurization 
needs. However, alternatively, the source of pressurization may be the processing equipment itself thru the 
communication gates. 

Although not clear from the latter, the container transfer device 233 is positioned a few centimeters 
underneath the plane defined by the two centering supports 221 A and B. Electrical wires that control 

actuator devices, the tubing network of the gas supply installation have not been illustrated in Fig. 11 for 

sake of simplicity. Optionally, a removable (transparent) cover 246 is advantageously used for dust 
protection of interface apparatus 200, it may be associated with a clean air atmosphere or not. 

Fig. 11 makes apparent the different characteristics and features of interface apparatus 200. Besides its 
simplicity and rugged appearance, it has great flexibility potential for easy adaptation to any conventional 
processing equipment and for extensive usage with conventional conveyors pursuant to the CFM concept in 
a full CIM environment. In addition, a defective interface apparatus can be quickly and without effort 
replaced by a spare pre-qualified unit. Note also, it is possible to obtain a very high cleanliness level within 
the housing interior space 204 due to the reduction of elements located within it In accordance with the 
implementation illustrated in Fig. 11, the major source of potential contamination is the two rotating transfer 
handlers 21 6A and B. However, with minimal design changes, a standard wafer orienting device can also be 
introduced in the interface housing interior space 204 when a specified processing equipment 500 needs to 
have the wafer appropriately oriented for treatment. A bar code reader or the like can also be associated to 
the wafer orienting device if required. Moreover, the production and exploitation cost are minima, because 
the volume of the housing interior space is low (reduced ultra pure gas consumption). Finally, the interface 
apparatus is ..adapted to a number of different workpieces, for instance workpiece size changes would only 
result in changes in the front face housing. Because the pressurized interface apparatus of the COAST 
concept operates as a loadlock, it may be designed to replace the pre-process and post process stations 
and the loadlock of the processing equipment mentioned above, as well. 

Overall operation of the interface apparatus 200 may be now understood by reference to Figs 12A to 
120 which^llustrate the basic sequence of operating steps for transferring a silicon wafer 138 from container 
100 to the- processing equipment chamber through the IN section of interface apparatus 200 (transfer IN 
operation).'; The reciprocal operation, i.e. the transfer of this silicon wafer once processed from the 
processing: . equipment chamber back to the container 100 through the OUT section of the interface 
apparatus 200 (transfer OUT operation), is also illustrated. Figs. 12A to 120 show the interface apparatus 
200 assuming the housing top surface is transparent to illustrate the successive movements of rotating 
transfer handlers 21 6A and B and the different respective positions of the wafer 138 to be processed. The 
said wafer 138 is enclosed in a container 100 that has to be successively unloaded and loaded. The 
following description implies references made to the container and interface apparatus elements such as 
described above in conjunction with Figs. 2 to 5 and Figs. 8 and 9 respectively. 

In the initial position illustrated in Fig. 12A, lids 21 4A arid B are hermetically closed. The interface 
housing interior space 204 is pressurized with an ultra pure neutral gas. The movable arms 227a and b of 
clamping actuator devices 225a and b are extended, while the movable arms 227c and d of clamping 
actuator devices 225c and d are retracted in their respective rest position. Metal plate 240 of container 
transfer device 233 is in the low position. Input and output ports of by-pass station 401 B of belt conveyor 
401 are also illustrated in Fig. 12A. 

In the first sequence step, a container 1 00 transported on the belt conveyor 401 whose wafer is to be 
processed in the process equipment 500 (not shown) attached to the interface apparatus 200 of Fig. 12A, is 
pushed in the container receiving zone of the IN section. The transfer from the main belt conveyor 401 to 
the IN section can be effected by great variety of manner, for example, by action of a lever (not shown) 
coupled with a transverse rotating belt (perpendicular to the said conveyor 401) forming said input port, and 
disposed in front of the IN section. Alternatively, an extension arm (not shown) activated by a jack having 
holes engaging in buttons 116A and B of container 100 (Fig. 2) could be used as well to pull the container. 
Similar construction applies to the OUT section with a reverse movement of the transverse belt in the output 
port thereof. Roller bearings 128A and B of container 100 are efficiently used as stop members when they 
respectively gently come in contact with thrusts 207b and a. Other systems for an accurate positioning of 
container 100 in the IN section rest zone, including a retractable lever, sensors, ... may be contemplateb as 
well. Immediately, the retractable fingers 228a and b, and the retractable nozzle 230a of clamping actuator 
devices 225a and b are extended and inserted in blind holes 111 A and B (Fig. 2) and in the gas injection 
valve device 129 respectively, for a complete clamping and simultaneous gas feeding of container 100. The 
container 100 which is now permanently fed with gas can stay in the rest zone of the IN section as long as 
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and a first rotation of 90 degrees (Fig. 12F). Then, handler 21 6A rotates again of 90 degrees to allow 
movable arm 21 7A to extend again and move the wafer through the communication gate 205' A (Fig. 12G). 
The wafer is laid down on the pre-process station of the processing equipment 500 and is now available for 
treatment. 

5 Movable arm 217A is retracted inside the interior space 204. This terminates the transfer IN operation 

for unloading container 100 and loading the pre-process station of the processing equipment. Simulta- 
neously or subsequently, container 100 is disengaged, i.e. it is pushed back to the rest zone by the actuator 
devices 225a and b (Fig. 12H). During this phase, cover 124 and lid 21 4A are successively closed, while 
the container and housing interior spaces, are still not contaminated because of the protective gas streams 

10 generated from the two internal environments that produce the gas curtain mentioned above. Although other 
variants may be envisioned, the typical scheme is to apply said blower pressure P to generate the desired 
flow rate V at each time the pivoting cover 124 or a lid (21 4A or B) is opened. Consequently, the two 
interior spaces are normally at the nominal pressure p, possibly except when the container lies in the active 
zone, i.e. when the said two interior spaces are merged in a common interior space, with a single 

75 environment depending the type of processing equipment. However, more sophisticated schemes can be 
employed that required more than the two base pressure values p and P mentioned above. For example, 
two blower pressures can be employed P1 and P2 with P1 > P2, so that when the container is coming to 
contact the interface housing front face for mating, one has Pcont = P1 and Pint = P2. Values P1 and P2 
are different but not too much. 

20 The following TABLE I summarizes the pressure values Pcont and Pint in the two respective interior 
spaces during the engaging step. The reciprocal disengaging step is totally symmetric. 

TABLE I 



OPERATION 


Pcont 


Pint 


. initial waiting status 


P 


P 


. preliminary to lid opening 


P 


P 


. lid opening: start 


P 


P 


lid opening: pending 


P 


P 


lid opening: end 


P 


P 


. preliminary to cover opening 


P 


P 


. cover opening: start 


P 


P 


cover opening: pending 


P 


P 


cover opening: end 


p or 0 


p or 0 



The rotating handler 21 6A is now rotated 180 degrees to come into the initial position shown in Fig. 
12A. Then, the container 100 is released from clamping by retracting the fingers 228a and b and nozzle 
230a, as a result of the reverse of the movement described in conjunction with Fig. 12B. Next, the container 
100 is transferred from the IN section rest zone to the OUT section rest zone of interface apparatus 200. To 
that end, actuator device 234 of the container transfer device 233 is first driven to have metal plate 240 to 
pass under the container, until buttons 241a and b and holes 115A and B of container 100 are perfectly 
aligned. The meta! plate 240 is first raised by actuator device 234 to clamp the container 100, then raised 
again to lift-up the container by about 5cm to pass above actuator devices 225b and c and move it laterally 
until the container is located above the OUT section rest zone, as illustrated in Fig. 121. 

Next, actuator device 234 lift-down the metal plate 240, so that the container 100 is laid down upon 
centering support 221 B with a perfect alignment thanks to positioning rails 222c and d cooperating with 
container grooves 113A and B. Finally, actuator device 234 is moved to its initial position. Once the 
container 100 is correctly aligned and positioned in the OUT section rest zone, the clamping actuator 
devices 225c and d are activated to have the sequence of movements described in conjunction with Figs. 
12B and 12C repeated. As illustrated in Fig. 12J, while container 100 remains in the rest zone of the OUT 
section, lid 21 4B is released. Fig. 12K shows the respective positions of container 100 now in the active 
zone of the OUT section container receiving zone, sealably mating with port window 205B according to a 
sequence of steps described above in conjunction with Fig. 1 2D.. The processed wafer is now available at 
the post-process station of the processing equipment for unloading. The gripper 21 8B is in the initial 
position. 

Now, the rotating handler 21 6B transfers the wafer from the post-process station into the container 100 
by the following sequence. The handler 21 6B is first rotated by 180 degrees about its axis, the movable 
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The SWC/MWC interface apparatus 
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appropriate transfer of wafers between containers of the same type or of different types, it results in a not 
optimized operation and involves a lot of gas losses. 

A number of steps is necessary to have as many containers 100 to come into contact with the housing 
front face for wafer unloading before the multiple wafer container 100* is filled up. This sequence of steps 
globally derives from the sequence illustrated in conjunction with Figs. 12B to 12H. The SW containers may 
be stored in a dedicated dispatching apparatus 300, for being subsequently loaded with their own wafer. As 
clearly mentioned above, the use of multiple wafer containers is not the essence of the COAST concept 
Interface apparatus 200' may be adapted to operate with a pile of containers as mentioned above supported 
by a lift device with indexing means. Of course, the reciprocal transfer, i.e. transferring the wafers stored in 
a MWC into a plurality of SWC's, is also feasible. 

In still another preferred embodiment of interface apparatus 200\ first port window 205 is likewise 
adapted to MW containers, and the rotating transfer handler 216 does not move in the Z direction any 
longer but is adapted to grip the multiple wafer cassette (e.g. 151 of Fig. 9A) in totality for direct transfer 
thereof in the processing equipment through second port window 205*. 

THE DISPATCHING APPARATUS WITH A GAS SUPPLY DISTRIBUTION SYSTEM 

According to the CFM concept, it is necessary to minimize the idle times. Consequently, it would be 
desirable not to store the containers to accelerate wafer processing. However, from a practical aspect, it is 
required to regulate the manufacturing fluxes and balance the workloads. On the other hand, elements of a 
manufacturing line includes electronic components (bar code readers, ...) and computer systems that are a 
source of potential failures. As a result, a buffer system is required to ensure this desired regulation. The 
dispatching apparatus of the COAST concept is perfectly suited in all respects to the CFM concept. 

As explained above, in conjunction with Fig. 1, the first role of the novel dispatching apparatus of the 
COAST concept, is to store the containers 100 in the best conditions i.e. connected to the compressed ultra 
pure neutral supply gas installation 700 during the idle times between the wafer processing steps in the 
different processing equipments 500. The second role is to handle the containers, and in particular to 
transfer the containers from the stocker to a belt conveyor or vice-versa or between two conveyors, e.g. 
between inlra-bay and extra-bay conveyors. 

Now turning to Fig. 14, in a preferred embodiment, dispatching apparatus 300, which is fully automated 
under host*: computer control, is basically made of innovative 3 axis automatic handler 301 and vertical 
stocker 302. 

The automatic handler 301 is made of a rotatable base 303 supporting a vertical elevator 304 on which 
a handling robot 305 comprised of an extensible horizontal arm 306 provided with gripping means 307 fixed 
at the extremity thereof. 

The vertical stocker 302 consists of a stainless steel frame 308 made of tubes supporting as many 
support stations or bins 309 as required by production simulations. The bins 309 are superposed in vertical 
columns and those vertical columns are positioned on a circle centered about the rotative axis of the 
handier 301. It results in the typical tower-shaped configuration of Fig. 14. As more particularly illustrated in 
the enlarged view of Fig. 14, each bin 309 consists of a support plate 310 equipped with a gas feeding 
system 311 including a retractable nozzle 312 activated by jack 313 and connected to the outlets 705 of 
neutral gas supply installation 700 by hoses 314. The pressure and quality of the enclosed gas within 
container 100 can be visually controlled with accuracy thanks to observation plug 149 (Fig. 5) whenever 
necessary. The gas feeding system 311 is affixed on the plate 310 thereon by corner-plate 315. All the 
individual hoses 314 are connected to the gas supply installation 700. 

Still in this - preferred embodiment, nozzle 312 provides automatic control of the gas flow within the 
container. When extended (container 100 is present), the gas flows through nozzle 312 to feed container 
interior space, when retracted (absence of container 100) the gas flow is cut-off. As a result, only an 
electrical (or pneumatic) command of nozzle movement is required. 

According to another embodiment of the dispatching apparatus 300, the tubes forming the frame 308 
are hollow and thus can be used for gas transportation between the gas supply installation 700 and the 
bins. According to this implementation, hoses 314 are directly connected to the said tubes. In still another 
embodiment, the pipes are positioned within said hollow tubes. 

Dispatching apparatus 300 facilitates transfer of containers between intra-bay conveyor 401 (or extra- 
bay conveyor 402) and the stocker 302, or between the conveyors themselves. 

The detailed construction of bin 309 and robot 305 will now be given in conjunction with Fig. 1 5. Each 
bin 309 is well adapted to receive a container 100. To that end, plate 310 is provided with two sidewalls 
31 OA and B and two positioning buttons 31 5A and B that engage in corresponding holes 115A and B of 
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etc. 

Fig. 18 shows a dispatching apparatus referenced 300' including a wall-shaped stocker variant 
referenced 302*, of the tower-shaped stocker 302 of Fig. 14, useful if more storage capacity is needed or if 
necessitated to meet manufacturing line lay-out requirements. With respect to Fig. 14, in Fig. 18, similar 
5 elements bear corresponding references. In this case, the rotatable base now referenced 303* has to be 
moved along a rectilinear track 325 fixed on the floor. Note there is also a great flexibility in designing this 
variant. 

As apparent from Figs. 14 and 18 the novel interface apparatus of the COAST concept are flexible, 
modular fully adapted to conventional conveyors, and thus capable of meeting all user potential needs. 

w 

FULLY AUTOMATED AND COMPUTERIZED CONVEYOR BASED MANUFACTURING LINES 

For the fabrication of future advanced semiconductor chips, manufacturers are facing different factors 
among which the most important is certainly to eliminate or at least significantly reduce wafer contamina- 
75 tion. Other key factors, such as quality (a constant thrust from the customers), higher yields, lower costs 
and reduced lead times, are closely related to wafer contamination. On the other hand, the technology 
continuously evolves towards increased chip integration, ever reduced minimum feature sizes, and increas- 
ing process complexity (advanced bipolar structures can require a thousand of processing/treatment steps). 
To achieve these desired goals the response is "to automate the fab". The global automation approach 
20 as suggested by the COAST concept is a quite satisfactory solution in all respects. It implies both 
mechanical automation and computerization. Mechanical automation means to have fully automated han- 
dling/transportation systems and processing equipments. Computerization means to have an efficient 
information management system, often referred to as the Floor Control System combined with a complex 
network of. wafer identification devices for permanent wafer tracking. Merging both techniques results in a 
25 fully automated and computerized manufacturing line. 

Of course, for a full automated operation of a manufacturing line under the FCS control, processing 
equipments must be adapted in the future to provide all necessary data/information (that are now partially 
supplied to operators) in a form useable by the FCS and conversely, be responsive to it. These data include 
parametricxprocess data collected during wafer processing, equipment availability data (down, waiting for 
30 wafer, processing complete, processing in work,...), in-situ control data, and set-up data. These data further 
include logistic data concerning availability of intermediate products such as: raw wafers, reticles, photores- 
ist, ... that are required in the semiconductor wafer processing. Likewise, they must be capable of accepting 
commands from the FCS that traditionally have been input by an operator. Note by the way, these the 
reticles can be handled, stored and transported to their appropriate locations by the same manufacturing 
35 line. An operator is then able to load them in the lithography tools wherever required. 

What is further required is a dynamically controlled movement to eliminate or at least significantly 
reduce the idle times, to comply with the CFM concept, and finally operate in the mode of "just-in-time" 
management. The FCS should know the history identity and status of all the intervening parties: wafers, 
equipments, fluids, ... in the factory. The FCS moves the containers to equipments for further wafer 
40 processing based on availability and wafer processing scheduling. The FCS must be real time in nature and 
must operate without human intervention to avoid misprocessing errors that are a major yield detractor. 
Situations where an equipment languishes idle for extended periods of time in waiting for a wafer to be 
processed or because after processing the wafer has not been removed from the equipment, contributes to 
a loss of efficiency in the manufacturing continuous work flow. To achieve an autonomous and real-time 
45 automated FCS, all this information must be captured electronically. 

Finally, for normal operation, and in case of problems (recovery plan) the operator (or the line 
management personnel, who has the need to know, must be able to interrogate the different parts of the 
FCS, inside or outside the facility for instance, via terminals. In other words, the wafer fabrication facility 
must include a distributed computer network, 
so In conclusion, while "islands of automation" are a useful stepping stone, full achievement of the 
previously mentioned goals will only be realized when each piece of the manufacturing line is capable of 
taking its place as a full partner of such an automated factory and when the FCS is able to assimilate the 
flow of data it receives and in turn, to execute the correct action. 

The previous SMIF solutions as described above are far to be a total solution to such a desired fully 
55 automated and computerized manufacturing line. Still according to the COAST concept, there is suggested 
to merge the three above disclosed novel elements, i.e. the pressurized sealable transportable container, 
the pressurized interface apparatus and the dispatching apparatus with a conventional conveyor system and 
a standard distributed information management system referred to as the Floor Control System. The optimal 
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conveyor 401-1, in order to reach the next processing equipment or dispatching apparatus 300-1. 

When the next process step has to be done in another process area, e.g. 10-1 (not shown) the host 
computer 601 requests the dispatching apparatus 300-1 to pick up the desired container 100 on the by- 
pass station 401 A-1 of conveyor 401-1 and make all the movements necessary to grip and drop it on the 
by-pass station 402A where it is moved towards main conveyor 402. From then, it is moved to dispatching 
apparatus 300-I where is located the right processing equipment Note that, an additional dispatching 
apparatus, such as of the type 300* described above, can be only used as a buffer, in manufacturing line 
15, to overcome the risk of no available room in the appropriate dispatching apparatus. When the container 
100 is on the input/output port of the by-pass station of dispatching apparatus 300-1, robot 305-1 is informed 
that it must grip this container and put it in an available bin as defined by the host computer 601 whose 
main memory is then updated. If the process equipment is not immediately available, the host computer 
601 is aware of this container which is waiting for being processed and which processing equipment is 
appropriate in that respect. As soon as the processing equipment is made available, this container is moved 
to it. 

Moreover, the manufacturing lines of the COAST concept are well adapted to a recovery plan. 

In case of failure of the host computer 601, the area micro-controller of each process area will keep in 
memory ail the data concerning the position and status of ail the containers pertaining to it. An operator is 
then able to drive manually this process area, but he will have to record manually in the area micro- 
controller all the process operations he has made on each wafer, in order to have the data of the electronic 
route sheet updated in the host computer when operative again. 

In case of failure of a dispatching apparatus, the operator will also be able to know through the host 
computer where is the right container to be processed, to put it by hand directly on the IN section rest zone 
of the appropriate processing equipment. Thanks to the host computer 601 he also knows what is the next 
operation .to be completed and in which available bin he has to store the container enclosing the processed 
wafer. The operator will have to report to the host computer 601 any movement he has made in and out the 
dispatching apparatus for validation. 

More generally, all the containers are identified automatically every time they go in and out a 
processing equipment or a dispatching apparatus, in order to have the host computer to know permanently 
where they stand and what is the next process operation to be made thereon. If this information is missing, 
there is an alarm to inform the operator that there is a failure and an error is reported. A corrective action is 
undertaken. .Data that are recorded in the host computer are useful for subsequent statistical analysis and 
processing equipment set-up parameter adjustment, for feed-back action. 

The above solutions described by references to Figs. 19 and 20 are therefore an effective and low cost 
approach to a total solution for automating a wafer fabrication facility in compliance with the CFM concept, 
because the disclosed novel manufacturing lines and variants thereof are capable to perform the three 
functions that are required in that respect which are recited below. 

1. Global automation 

a) Automatic wafer tracking. Determination at any time of the physical location and status of contain- 
ers/wafers, because each container is provided with an identification tag and the conveyors are 
judiciously equipped with adequate readers. As a result, the containers are permanently tracked and 
identified by the FCS, irrespective of being transported by the conveyors, stored in a dispatching 
apparatus, or processed in a processing equipment. Note that the novel containers are perfectly suited 
for direct wafer data identification reading. 

b) Automatic container transport and dispatching. Moving the containers between processing equipments 
or within process areas is automatically performed by conventional conveyors and novel dispatching 
apparatus, under host computer control without any human intervention. 

c) Automatic processing equipment loading/unloading. All the operations of loading/unloading the 
processing equipments with the wafers are safely performed. They are fully automated under host 
computer control thanks to the novel interface apparatus. 

2. Contamination-free wafer fabrication 

All the steps of transport, loading/unloading, storage, and dispatching conducted within the manufactur- 
ing line are completed while the wafer is still surrounded by a protective neutral ultra-pure gaseous 
environment having a positive differential pressure with respect to the outside ambient. As a result, any 
ingress of contaminants is prevented during the whole sequence of treatment steps. 
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3. Single wafer treatment 
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... 300-N). 

5. The manufacturing line of any claim 2 to 4 further Including an input/output dispatching apparatus (300- 
l/O) for buffer purposes. 
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